ABSTRACT: Newly arrived feedlot calves undergo numerous stressors that result in 1 ) transient endocrine responses, 2 ) altered products of energy and protein metabolism, 3 ) changes in appetite and growth rate, 4 ) possible limited compromise of digestive and rumen function, and 5 ) a challenged immune system. The most consistent endocrine and metabolic responses to marketing, transport, and feedlot adaptation are seen with cortisol and epinephrine. In contrast to earlier work done with indirect in vitro gas production measurements, recent research has shown that the ruminal microbial population is able to effectively digest available substrate immediately following a calf's weaning, trucking, and 24 h of feed and water deprivation. Additionally, a period of feed and water deprivation up to 72 h coupled with 8 h of trucking does not reduce the concentration or total numbers of either the viable cellulolytic or total bacteria present in the rumen of newly weaned or feedlot-adapted calves. However, ruminal volume, DM, total weight of ruminal contents, and total protozoal numbers decrease as duration of feed deprivation increases. To compensate for the reduced DMI that occurs in the first 2 wk after arrival at the feedlot, increased nutrient density is needed to meet an animal's requirements for nutrients. Limited data suggest that newly arrived calves prefer a diet that is similar in moisture and texture to feeds with which they are familiar. Additionally, modification of the stress-associated behavior using trainer animals may improve the feed intake of newly received calves and may reduce calf morbidity.
Introduction
Calf morbidity and mortality associated with bovine respiratory disease and the shipping fever complex are estimated to cost the U.S. beef industry approximately $500 million annually (NASS, 1996) . Factors contributing to the cost of these diseases include the cost of deceased animals, feed resources lost, pharmaceuticals purchased, inefficiencies of production of those animals that survive but that have poor performance, and increased labor and psychological stress placed on the feedlot personnel.
Feedlot cattle may be subjected to a considerable amount of stress and multiple stressors during the marketing process and upon arrival at the feedlot.
These stresses are manifested in a number of ways in the cattle: 1 ) transient endocrine responses are likely; 2 ) products of energy and protein metabolism may be altered; 3 ) appetite and growth rate are affected; 4 ) digestion and rumen function may be compromised; and 5 ) an animal's immune system may be challenged. This article addresses physiological changes and digestive capabilities of newly received feedlot cattle. Some strategies to overcome these challenges to the animals will be discussed. The focus is on calves, rather than yearlings, because of their greater vulnerability.
Stressors for Newly Received Feedlot Cattle
Hans Selye described biological stress as "the nonspecific response of the body to any demand" (Selye, 1976) and proposed that when animals are exposed to stress, they react in a three-step process called the general adaptive syndrome. The initial response to a stressor is called the alarm reaction. This is characterized by vocalization, an adrenal, pituitary and hypothalamic response, and by catabolism. The second response is resistance. This stage is characterized by anabolism and increased feed intake. In feedlot cattle, this may not take place until 2 to 3 wk after arrival. If resistance is not successful, animals enter the last stage, exhaustion. This stage describes the situation in which adaptive capability is finite; exhaustion occurs before an animal is capable of adapting to the stressor.
Perhaps the greatest stress imposed by marketing of calves is weaning. Natural weaning of mammals is a normal process in the transition to adulthood; however, in beef production, a newly weaned calf is denied its dam's milk and social contact with its dam and other adult cattle . Prolonged vocalization in response to these distresses may irritate the respiratory tract and increase susceptibility to infection.
Marketing and transportation of beef cattle frequently results in deprivation of feed and water. Upon arrival at a feedlot, calves are exposed to a novel source of feed and water. Before weaning, they grazed forages and nursed to obtain required nutrients. Water was obtained from a stream or pond. In the feedlot, calves must eat from a bunk and drink from a waterer. Silages and grains may be rejected initially, because calves don't recognize them as a source of feed.
Transportation can be stressful for a multitude of reasons (Grandin, 1997) . Long hauls exacerbate feed and water deprivation. Overcrowding, poor air quality, poor sanitation, and unexpected noise contribute to stress. The marketing and transportation process is probably the single most fatiguing event in the life of a feeder calf.
The feedlot environment after arrival may impose additional stress on calves. They may have to acclimate to mud, manure, poor air quality, and exposure to a new social dominance order and new pathogens. Processing procedures such as vaccination, castration, and dehorning add to stress upon arrival.
The multitude of stressors discussed above cause a substantial alarm reaction (as described by Selye, 1976) in calves. These stressors precipitate increased morbidity and mortality and cause acute and then chronic depression in performance. These effects often tax the financial and labor resources of cattle feeders, resulting in stress and fatigue for the producers as well.
Endocrine and Metabolic Responses
Effects of various stressors on corticoids, bovine somatotropin, thyroid hormones, insulin, and glucagon have been quantified. Metabolites measured include NEFA, glucose, blood urea nitrogen, minerals and metabolic enzymes (creatine phosphokinase [CPK] , lactic dehydrogenase [LDH] , serum glutamic oxaloacetic transaminase [SGOT] , and serum glutamic pyruvic transaminase [SGPT] . An assessment of stress during handling and transport has been reviewed recently by Grandin (1997) . Crookshank et al. (1979) investigated effects of weaning and transport on 20 blood serum components. Alkaline phosphatase, cholesterol, creatinine, glucose, serum urea N, uric acid, total protein, calcium, copper, iron, magnesium, phosphorus, potassium, and zinc were not affected by weaning and transportation. Trucking produced a large increase in cortisol, but weaning resulted in only a small increase in cortisol. Weaning and trucking produced small increases in CPK, LDH, SGOT, and SGPT. Cole et al. (1988a) reported that several hematologic constituents and serum metabolic enzymes were affected by duration of transportation. Galyean et al. (1981) reported a lack of response in metabolic enzymes to feed deprivation and transit, with the exception of SGOT. The SGOT was higher in feed-deprived and transported steers than in control steers at 18 and 32 h after deprivation began. A similar response for SGOT was observed by Crookshank et al. (1979) , suggesting that SGOT may have some value as an indicator of transit stress. Kent and Ewbank (1983) investigated effects of transportation on several blood constituents. Consistent with the report of Crookshank et al. (1979) , corticosteroids were most responsive to transport stress. Lefcourt and Elsasser (1995) investigated effects of weaning with subsequent transportation. Cortisol was not affected when weaning was the only stressor. Locatelli et al. (1989) and Agnes et al. (1990) reported increased cortisol associated with transport, but Galyean et al. (1981) reported no change in cortisol. Lefcourt and Elsasser (1995) reported that weaning stress increased circulating epinephrine and norepinephrine, but it did not affect cortisol. Kenny and Tarrant (1987) investigated effects of repenning, motion, social mixing, and the combination of mixing and motion on behavioral and physiological responses of yearling bulls. The act of moving animals from one pen to another had little effect on glucose, cortisol, creatinine kinase, NEFA, or heart rate. Repenning caused a moderate increase in social behaviors. Motion, social mixing, and the combination caused large increases in plasma creatinine kinase, cortisol, and heart rate. Glucose and NEFA were unaffected by these variables. Social mixing caused the most social interactions, motion alone caused the fewest social interactions, and motion plus mixing caused an intermediate frequency of social interactions. A group of Italian scientists isolated physiological effects caused by simulated transport, loading and confinement, and noise (Agnes et al., 1990) ; all three caused rapid increases in serum cortisol. Only loading and confinement caused increases in plasma epinephrine, and this increase was not sustained beyond 30 min. All stressors caused a temporary increase in NEFA; unexplainably, noise resulted in the greatest NEFA response. Phillips et al. (1991) compared steers that were feed-deprived and transported with steers that were feed-deprived and given an injection of ACTH.
Steers given ACTH and steers that were transported had similar metabolic profiles, indicating that changes observed as a result of transit are stress-related.
Saliva cortisol has been investigated as a "nonstressful" technique to monitor adrenocortical response of calves to transport stress (Fell and Shutt, 1986) ; transportation increased salivary cortisol.
Consistent with the results of Crookshank et al. (1979) , serum cholesterol was not sensitive to marketing stressors (Galyean et al., 1981; Cole and Hutcheson, 1985b; Locatelli et al., 1989) . Cole and Hutcheson (1987) did note that concentration of dietary roughage before feed deprivation affected cholesterol after feed deprivation.
Blood levels of the following minerals have not been seen to change due to marketing stressors: Ca, P, K, Mg, Cu, Zn, and Na (Ruppanner et al., 1978; Cole and Hutcheson, 1979; Crookshank et al., 1979; Galyean et al., 1981; Kent and Ewbank, 1983; Cole and Hutcheson, 1985b, 1987) . Serum Cl increased in response to feed deprivation and transit (Ruppanner et al., 1978) .
Glucose was elevated in steers that were feeddeprived and transported (Galyean et al., 1981) . Other responses reported for serum glucose concentration have been highly variable (Baetz, 1976; Cole and Hutcheson, 1979) .
Endocrine and metabolic responses to marketing, transport, and feedlot adaptation are somewhat inconsistent, with the exception of cortisol and epinephrine. The role of SGOT as a stress indicator requires further investigation. Other measurement criteria discussed above may not be reliable indicators for quantifying stress. Immune-related responses to stress such as leukotoxin antibody titers, heterophil:lymphocyte ratios, natural killer cell activity, cytokines, and interferon have been used recently to assess animal stress (McGlone et al., 1993; Johnson, 1997; Spurlock, 1997; Schwartzkopf-Genswein et al., 1997) . Serum haptoglobin is an acute-phase protein that responds to physical or pathogenic insult. This protein holds promise as an evaluator for stress because responses are not transitory Young et al., 1996) .
Digestion and Rumen Function
Several factors are involved in the ability of newly weaned calves to adapt to their new diet. The periods of feed and water deprivation that normally occur when cattle are weaned and transported by truck cause changes in the rumen environment. Baldwin (1967) reported that the total number of bacteria in the rumen is reduced to 10 to 25% of normal after a 48-h period of feed and water deprivation. Baldwin (1967) used two techniques to measure the functional capabilities of ruminal microbes following a period of feed and water deprivation. When bacteria digest feed, gas is produced. Ruminal fermentative activity ( RFA) , an indirect measure of microbial activity, was measured by in vitro gas production in the absence of added substrate. This was done by sampling the ruminal contents of animals deprived of feed and water and measuring the gas production of the bacteria present in the sample. Ruminal fermentative capacity ( RFC) , a measurement of the capacity of ruminal microorganisms to ferment added substrate, was also measured by in vitro gas production. Based on these techniques, Baldwin (1967) reported that RFA is reduced to zero by a 48-h starvation. However, the source of added substrate can alter the findings of these in vitro measurements of gas production. In a more recent study, Cole and Hutcheson (1981) measured RFA and RFC (with a substrate mixture of 50% cornstarch and 50% cellulose) for 5 to 7 d following 48 h of feed deprivation in ruminally fistulated steers. These researchers reported that RFC was reduced by as much as 75% during feed and water deprivation and that RFA and RFC were still lower 5 d after feed deprivation than they were before feed deprivation. The decrease in RFC during a 48-h period without feed was confirmed by Cole and Hutcheson (1985b) , who reported that RFC was reduced 74% ( P < .05) during a 48-h period without feed but returned to control levels by 7 d after realimentation. Galyean et al. (1981) reported that steers deprived of feed for 32 h and transported had reduced total counts of ruminal bacteria, which returned to pre-experiment levels by 72 h after feeding resumed. Reduced RFC may be one factor that limits feed intake in previously feed-restricted calves for the first 7 to 14 d following the reintroduction of feed and water (Cole and Hutcheson, 1985b) . However, Cole (1991) reported that exchanging the ruminal contents of lambs that underwent a 72-h period of feed deprivation with those of lambs not deprived of feed did not affect DMI, ruminal fluid pH, RFC, or VFA concentrations. If RFC was a major limiting factor to feed intake, exchanging the ruminal contents of feeddeprived lambs with the contents of lambs not feeddeprived should have increased the DMI of the unfed lambs. Cole (1991) concluded that factors other than RFC and RFA may be responsible for reduced feed intake during the first few weeks of the receiving period. Cole et al. (1988b) reported that feed and water deprivation for 72 h reduced subsequent feed intake for 4 d or more. These authors reported that blood metabolite patterns (insulin, glucose, and FFA) were abnormal during realimentation.
In subsequent studies, Cole et al. (1993) used glucose loading tests to determine that feed deprivation increases serum glucose, FFA, and growth hormone and decreases glucose half-life during realimentation. Propionate loading tests also revealed that previously unfed lambs had greater serum growth hormone, propionate, and FFA concentrations during realimentation than fed lambs (Cole and Hallford, 1994) . Thus, feed and water deprivation had marked effects on hormonal secretion and metabolite utilization that could affect feed intake. Fluharty et al. (1994a) conducted an experiment with newly weaned, ruminally fistulated steers to determine the effects of energy density and protein source in receiving diets on ruminal pH, in situ DM, NDF, and N disappearance and concentrations of ruminal bacteria, protozoa, and ammonia. Fistulated steers were weaned, transported by truck, and held in a sale barn prior to arrival at the feedlot. On the day of arrival at the feedlot ( d 0), DMI was 62% of the DMI on d 7 after arrival. In situ dry matter disappearance ( DMD) 48 h following arrival at the feedlot was 58.6%, compared with 58.2% prior to weaning. This was an indication that the ruminal microbial population was not inhibited in its ability to digest available substrate immediately following weaning, fasting, and trucking. Additionally, there were no differences in 48-h in situ NDF disappearance between a preweaning sample and d 0 (58.8 vs 57.8%, respectively). Furthermore, no differences occurred in the concentration of total bacteria or cellulolytic bacteria due to feed and water deprivation. However, concentration of total protozoa was lower on d 0 than at any other time. The results of this study indicated that viable total and cellulolytic ruminal bacteria concentrations are not drastically reduced by the stresses of weaning and 24-h feed deprivation as previously reported using the indirect RFA and RFC in vitro gas production measurements. In situ orchardgrass DM and fiber and soybean meal N disappearance were not reduced upon the day of arrival at the feedlot, suggesting that the ruminal microbial population is able to effectively digest available substrate immediately following weaning, trucking, and 24 h of feed and water deprivation. The changes in digestibility over time seemed to be related to changes in DMI, rate of digesta passage, and ruminal pH. Fluharty et al. (1996b) conducted two experiments to determine the effects of the duration of feed and water deprivation on ruminal microbes and ruminal characteristics of newly weaned and feedlot-adapted calves. The treatments were as follows: 1 ) weaned, but not trucked or feed-deprived ( 0 h); 2 ) weaned, trucked ( 8 h), and unfed for 48 h (48 h); and 3 ) weaned, trucked ( 8 h), and unfed for 72 h (72 h). With newly weaned calves, on the day of arrival at the feedlot after treatment, DMI, ruminal volume, and weight of ruminal contents decreased as duration of feed and water deprivation increased. However, on d 4 after arrival there were no longer any differences in DMI or weight of ruminal contents. On d 0, percentage of rumen DM in the 48-and 72-h treatment groups was lower than in the 0-h treatment group, but there were no differences by d 4. There were no decreases in cellulolytic or total bacterial concentration or in the ruminal numbers of cellulolytic or total bacteria due to duration of feed and water deprivation on d 0 in either newly weaned or feedlot-adapted calves. In both trials, 48 and 72 h of feed and water deprivation decreased protozoal numbers on d 0 and 4 compared with the 0-h treatment group. These results indicate that a period of feed and water deprivation up to 72 h coupled with 8 h of trucking does not reduce the concentration or total numbers of either the viable cellulolytic or total bacteria present in the rumen of newly weaned calves or calves already weaned and adapted to a feedlot diet. Ruminal volume, DM, total weight of ruminal contents, and protozoal numbers decrease as duration of the fasting period increases, and this decrease is related to a reduction in DMI. We conclude from these studies that the poor performance and low DMI of newly arrived feedlot calves are not results of reduced ruminal bacterial numbers and digestive capacity.
Strategies to Increase Nutrient Intake
Several strategies may be used to achieve greater intakes by calves upon arrival at the feedlot. Preconditioning calves prior to marketing will result in increased intakes during the feedlot receiving period. Preconditioning may involve creep feeding, feedbunk exposure, or preweaning. Management decisions to implement these strategies should be based on potential costs and benefits. Imprinting young calves to future feeds or imprinting with flavoring agents may be feasible, but this strategy has not received much research attention. There is some evidence that diet learning by domestic ruminants does occur (Provenza and Balph, 1987; Thorhallsdottir et al., 1990) .
Another strategy to increase nutrient intake is to increase nutrient density of the receiving diet to offset low feed intake. This strategy is used in the swine industry to increase nutrient intake of early-weaned pigs. Because newly arrived feedlot calves have low feed intake (Hutcheson and Cole, 1986) , Cole and Hutcheson (1988) suggested that the post-arrival diet should contain a greater quantity of protein than the diet that cattle consumed before arriving at the feedlot. Furthermore, ruminal degradability of supplemental protein has been shown to affect performance of calves after arrival at the feedlot (Eck et al., 1988) . Fluharty et al. (1994b) conducted a feedlot receiving experiment with newly weaned calves that had not been previously exposed to creep feed to determine the effects of energy density and protein source in receiving diets containing approximately 13% CP on steer performance and total tract nutrient digestion. The factors compared were energy density (1.80 vs 1.48 Mcal/kg of NE m , referred to as high-energy and low-energy, respectively) and protein source (ringdried blood meal [RDBM] vs soybean meal [SBM] ). Diets containing RDBM resulted in a 10.6% greater ADG and a 7.6% improvement in efficiency of feed utilization compared with those containing SBM. High-energy diets resulted in an 8.7% improvement in feed efficiency vs low-energy diets. Fluharty and Loerch (1995) conducted three experiments to determine the effects of protein concentration and protein source on the performance of newly arrived feedlot steers. In the first experiment, the effects of receiving diet CP concentration (12, 14, 16, or 18%) and source (spray-dried blood meal [SDBM] vs SBM) on steer performance were determined. During the 1st wk following arrival at the feedlot, there were linear increases in ADG and feed efficiency with increasing protein concentration. For the entire 28-d trial, there was an increase in feed efficiency with increasing CP concentration and diets containing SDBM compared with SBM. In the second experiment, the effects of receiving diet CP concentration (11, 14, 17, 20, 23, or 26%) on steer performance were determined. Average daily gain and feed efficiency increased with increasing CP concentration during the 1st wk that calves were in the feedlot. Diets containing less than 23% CP did not provide adequate grams of protein to meet requirements for a gain of 1 kg/d (NRC, 1984) . There were quadratic ( P < .01) responses to CP concentration for final weight, ADG, and feed efficiency, indicating that as DMI increased over time the CP concentration of the diet should be decreased. In Exp. 3, the effects of receiving diet protein sources on steer performance were determined. The control diet contained SBM as the supplemental CP source and was formulated to contain 12.5% CP. The other five protein sources were corn gluten meal ( CGM) , RDBM, SDBM, fish meal ( FM) , and SBM. For these five CP sources, diets were formulated to contain 23% CP during wk 1, 17% CP during wk 2, and 12.5% CP during wk 3 and 4. During wk 1, control steers had the lowest ADG and feed efficiency.
Increased CP concentrations are needed to meet an animal's protein requirement early in the receiving period, when DMI is low. A variety of supplemental CP sources worked well in the receiving period, when the CP concentration was adequate.
Cole and Hutcheson published a series of articles identifying the effects of pre-shipping management on post-shipping adaptation to the feedlot environment. Increased feed intake prior to a period of feed and water deprivation resulted in a greater reserve of energy, water, and electrolytes and shortened the realimentation adaptation period (Cole and Hutcheson, 1985a ). Nitrogen and P balance during realimentation tended to be affected by the pre-deprivation and post-deprivation dietary protein concentration (Cole and Hutcheson, 1988) . Dietary roughage content prior to feed and water deprivation did not affect recovery of feed consumption in steers (Cole and Hutcheson, 1987) . Fluharty and Loerch (1996a) conducted three experiments to determine the effects of energy source and level on performance of newly arrived feedlot calves. In the first experiment, the effects of receiving diet and previous creep feeding status on calf performance were determined. Diets were composed primarily of corn silage; a combination of corn silage, alfalfa pellets and dry corn; or dry corn and alfalfa pellets. For the 41-d trial, calves fed the corn silage-based diet had greater ADG and feed efficiencies than the calves fed the other two diets. During the 1st wk after arrival, an interaction existed between creep status and receiving diet for DMI, ADG, and feed efficiency. For the dry corn and alfalfa pellet diet, creep-fed calves consumed more feed (4.2 vs 3.1 kg/d), gained weight at a faster rate (1.72 vs .36 kg/d), and had a greater ( P < .05) feed efficiency (.412 vs −.125 kg gain/kg feed) than calves not creep-fed. However, for the corn silage diet, calves not creep-fed consumed more feed (2.8 vs 2.2 kg/d) and had an increased rate of gain (1.17 vs .64 kg/d) and improved feed efficiency (.415 vs .288 kg gain/kg feed) compared with creepfed calves. This suggests that calves newly arrived at the feedlot initially preferred a diet that was similar in moisture and texture to feeds with which they were familiar. This supports the findings of Cole and Hutcheson discussed previously; pre-shipping calf management may affect the variability in postshipping performance of calves.
A thorough review of the effects of energy and protein on immunity and health of calves has been written by Galyean et al. (1999) .
Modification of stress-associated behavior may be a mechanism to improve feed intake of newly received calves. Hutcheson and Cole (1986) concluded that newly arrived feeder calves typically consume .5 to 1.5% of their BW during the 1st wk and 1.5 to 2.5% of their BW the 2nd wk. Normal intakes are achieved between 2 and 4 wk after arrival. Prior to weaning, calves are reared in a hierarchical society, with the brood cow as the dominant figure. The cow teaches her calf how to eat and where to find water and serves as a protector. When newly weaned calves are grouped together in a feedlot, they are placed in a new environment where the feed and water sources are foreign, and the social hierarchy is destroyed. In much of the United States, there is an abundant supply of cows in the fall that have not rebred and are destined for market. These cows normally are somewhat thin and are relatively inexpensive due to their lack of condition. These nonpregnant cows may be ideal trainer animals for newly weaned feedlot calves, because they could possibly show the calves how to eat from a feed bunk and drink from a waterer. Furthermore, due to their thin condition, efficiency of gain may be excellent for these animals when given a feedlot receiving diet (Cranwell et al., 1996; Schnell et al., 1997) .
We have conducted two experiments to test the efficacy of trainer animals for newly arrived, newly weaned calves. In the first experiment (Fluharty et al., 1996c) , six pens contained no trainer animals, six pens contained one mature cow, and six pens contained one steer calf as a trainer animal. Each pen contained 10 newly weaned calves, with or without one trainer animal. The trainer cows gained 61 kg and the trainer steers gained 49 kg during their 5 wk in the feedlot. On d 1, more ( P < .05) calves in the trainer cow group (81.7%) than in either the steer trainer group (60%) or the control group containing no trainer animal (48.3%) were observed eating. On d 2, more ( P < .05) calves were observed eating in the cow and steer trainer groups than in the control group (68.3 and 63.3 vs 38.3%, respectively). From d 3 to 7, there no longer were any differences ( P > .10) in the percentage of calves eating between the cow trainer group and the control group. Calves with trainers tended to gain faster (1.13 and 1.09 kg/d) than calves without trainers (.68 kg/d) during wk 1. There were no differences in the final weights of the calves ( d 28 after arrival) due to the presence of trainer animals. Additionally, the overall ADG was nearly identical for all groups. Calves without trainers compensated for decreased ADG early in the receiving period by having an increased ADG in subsequent weeks. Morbidity was 16.7, 28.3, and 8.3% for control calves, calves with trainer steers, and calves with trainer cows, respectively. Four of the six trainer steers got sick despite being adapted to the feedlot prior to arrival of the newly weaned calves. From a health standpoint, use of trainer steers may not be advisable. Hays et al. (1988) reported that the use of feedlot-adapted lead steers did not enhance performance of stressed calves and resulted in increased morbidity.
In our second trial (unpublished data), 12 pens of control calves and 12 pens of calves each with a trainer cow were used. Morbidity was 78% for control calves and 54% for calves penned with a trainer cow. Daily gains during wk 1 and 2 for the control calves were 1.26 and 1.06 kg/d, respectively. Daily gains for calves with a trainer were 1.42 and 1.33 kg/d for wk 1 and 2, respectively.
Summary
Newly arrived feedlot calves have been exposed to multiple stressors. Physiological, metabolic, and behavior responses to stressors occur. The most significant impact of stress is on feed intake and immunocompetency.
Fermentative and digestive capacity play a minor role in causing low feed intakes the first 2 wk after arrival. Behavioral characteristics of a calf may be most important in determining appetite upon arrival. Most health problems with newly arrived calves occur within the first 2 wk. Adequate nutrient intake during the 1st wk is critical for recovery from stress and to enhance immunocompetency. A calf in positive energy balance and gaining weight shortly after arrival should be better able to resist a disease challenge. Research to increase our knowledge of factors affecting calf behavior may be useful to develop management strategies to increase performance and decrease health problems of newly arrived feedlot calves.
Implications
Effective management of calves before and after arrival at the feedlot can improve health and performance. Future research is needed to provide a better understanding of the physiological and psychological aspects of calf feeding behavior.
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